The emergence of antibiotic and anti-inflammatory agents in aquatic and 25 terrestrial systems is becoming a serious threat to human and animal health worldwide. 26 Because pharmaceutical compounds rarely exist individually in nature, interactions 27 between various compounds can have unforeseen effects on their binding to mineral 28 surfaces. This work demonstrates this important possibility for the case of two typical 29 antibiotic and anti-inflammatory agents (nalidixic acid (NA) and niflumic acid (NFA)) 30 bound at goethite (α-FeOOH) used as a model mineral surface. Our multidisciplinary 31 study, which makes use of batch sorption experiments, vibration spectroscopy and 32 periodic density functional theory calculations, reveals enhanced binding of the 33 otherwise weakly bound NFA caused by unforeseen intermolecular interactions with 34 mineral-bound NA. This enhancement is ascribed to the formation of a NFA-NA dimer 35 whose energetically favoured formation (-0.5 eV compared to free molecules) is 36 predominantly driven by van der Waals interactions. A parallel set of efforts also 37
Thousands of different emerging pharmaceutical contaminants occur in soils, 45 groundwater, surface waters as well as seawater from human and intensive farming 46 activities. 1, 2 Antibiotics and anti-inflammatory agents in terrestrial and aquatic 47 environments, in some instances at levels as high as several hundred ng per L 3-6 are 48 posing detrimental ecological and health effects especially because of their growing use 49 in human and veterinary medicine. Because the fate of these compounds is often tied to 50 their affinities to surfaces of soil and sediment mineral particles 7,8 , adsorption through 51 synergistic drug interactions is likely to become an emerging mechanism in 52 contaminated environments. 53 Although contaminants rarely exist in isolation, they often have been studied 54 individually with respect to sorption and/or complexation with naturally occurring 55 minerals. 9-12 Sorption of individual compounds to environmental surfaces involves 56 different mechanisms including metal bond, hydrogen bond, and van der Waals 57 interactions 13 . In multicomponent systems, co-existing contaminants can compete for 58 surface binding sites, or cooperatively bind by co-neutralisation of surface charge 5 Binding and co-binding experiments 87 Kinetic adsorption experiments were conducted in 125 mL Nalgene bottles 88 containing 0.5 g/L goethite in 10 mM NaCl under an atmosphere of N 2 (g). NA, NFA 89 and SMX concentrations were of 20 µM in both isolated (NA; NFA; SMX) and mixed 90 (NA+NFA; NA+SMX, NFA+SMX) systems. pH was adjusted using dilute NaOH or 91 HCl solutions to a pre-selected value. Aliquots were sampled during the course of the 92 experiments and filtered (0.2 µm) for analysis. Preliminary experiments showed that 93 adding the ligand simultaneously or sequentially after several hours of equilibration 94 had no significant effects on adsorption results.
95
Equilibrium adsorption experiments as a function of pH (4 < pH < 9) were 96 conducted in 15 mL polypropylene tubes under an atmosphere of N 2 (g) to minimize 97 interferences with dissolved CO 2 at pH > 6.5 ( Fig. S1 ). Adsorption isotherms were, in [NFA] tot = 20 µM and varying [NA] tot (5 -40 µM). The adsorbed amount was 101 calculated by depletion method. Desorption tests were also conducted at pH = 11 to 102 check the mass balance, and an average recovery of 99±2% for the investigated solutes 103 was obtained (see SI). Sorption and desorption experiments were performed at least 104 twice, and the reproducibility of the measurements was around 5% for NA and 10% for 105 NFA.
106
Aqueous concentrations of organic molecules were determined using a high 
122
Sample preparation for the ATR-FTIR analysis was the same as for batch sorption 123 experiments and has described in detail in our previous work 20 . Spectra of goethite 124 suspensions in 10 mM NaCl were also taken in the absence of NA and NFA and then 125 subtracted from the spectra of sorbed NA and/or NFA in order to represent surface 126 complexes only. Two series of experiments were conducted at pH=6 in 10 mM NaCl for through which NA and NFA bind and co-bind at goethite surfaces. We note that DFT 215 calculations were performed on diaspore (Fig. 3) , which is the Al(III) isomorph of importance of understanding drug interactions in aqueous solutions, a finding that also 303 calls for new studies along these lines.
304
This study is the first to show that mineral-bound antibiotic molecules can be 305 specific adsorption sites for other antibiotic molecules, and that layered-like coatings 306 involving anti-inflammatory agents may even form at mineral surfaces. As water 307 resources are exposed to complex mixtures of chemicals 36 , including natural organic 
